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MATEMATIWECKOE MOflEJIHPOBAHHE TPOfflWECKOH MAJI5EPHH 

B. II. CepraeB, B. C. OpjiOB, E. B. EoeB, 

C. H. rpHH^eHKo, T. II. CaSrafifla 


KoMnbioTepHoe MonejinpOBaHne MaJinpHH, ocHOBaHHoe Ha chctbmhom nonxoae k aHaJiH3y 
annaeMpraecKoro npoutecca (OpjiOB h np., 1993), nacT B03M0*H0CTb pacicpbiTHfl MexaHH3MOB (JjyHK- 
HHOHHpOBaHHH H B03M0»H0CTeH CaMOperyJIHUHH napa3HTapHOH CHCT6MbI, pemeHHH 3ana*I OnTH- 
MaJIbHOrO nJiaHHpOBaHHH npOTHBOMaJIHpHHHbIX MepOnpHHTHH. 

H3yqeHHe KOJIHqeCTBeHHbIX COOTHOIIieHHH npH MaJIHpHH Ha^aTO UaBHO, H K HaCTOH- 
meMy BpeMeHH pa3pa6oiaHo uocraToqHo MHoro aHajiHTHqecKHx MouejieH MaJinpHH, 
b ochobhom TponnqecKOH (Mouikobckhh, 1950; MaKflOHajibji h a p., 1968; Ross, 1911; 
Lotka, 1923; Martini, 1932; Dietz e. a., 1974; Bailey, 1975; Olaofe G. 0., 1975; Bruce 
Chwatt, 1976; Anderson, May, 1991). HanSojibiiieH nonyjiHpHOCTbio nojib 3 yioTCH uBa 
rana MaTeMaTnqecKHx Mouejien MaJIHpHH (Dietz, 1988). OuHaico hh ouHa H3 hhx He 
rapaHTHpyeT BbicoKoro KaqecTBa nporHcm 3a6ojieBaeMocTH MajinpHeii, nocKOJibKy 
OHH He BOCnpOH3BOUHT BCe CTajlHH pa3BHTHH MaJIHpHH h anHueMHqecKoro npouecca 
b TpeGyeMOH nojiHOTe. 

HaHjiyqmeii Mouejibio TponHqecKOH MajinpHH, c tohkh 3peHHH npaKTHqecicoro 
Hcnojib30BaHHH, k HacTOHiueMy BpeMeHH HBJineTCH MoneJib Molineaux L., Gramiccia G. 
(1980), Hcnojib30BaHHaH b Garki -npoeKTe. Abtopm nocipoHjiH cTpyKTypHyio Mouejib 

C MHHHMaJIbHbIM KOJIH^eCTBOM H3MepHCMbIX napaMeTpOB C 3aMKHyTbIM KOHTypOM, 
OTodpaxcaiomyK) H3MeHeHHe HMMyHHoro coctohhhh HaceneHHH, b kotopoh shtomojio- 
rnqecKHe uaHHbie BbipaxceHbi TOJibKO bcktophoh cnocoGHOdbio. 3ia MoueJib uoKa3ajia 
CBOK) npHMeHHMOCTb npH npOBefleHHH npOTHBOMaJIHpHHHbIX MepOnpHHTHH. 

TapaHTHeH nporH03a, a TaKxce npaBHjibHOH HHTepnpeiauHH pe3yjibTaTOB MouejiH- 
pOBaHHH HBJIHeTCH MeTOflOJIOrHH MOJieJIHpOBaHHH, OCHOBaHHaH Ha afleKBaTHOH $eHO- 
MeHOJiornqecKOH moucjih h yqHTbraaioiuaH ecTecTBeHHyio reieporeHHOCTb coqjieHOB 
napa3HTapHOH cncieMbi. TaKHMH bo3moxchocthmh oGjiauaeT oieqecTBeHHaH MeTojunca 
MojiejiHpoBaHHH annjjeMHH c pacnpejiejieHHbiMH ^Yhkuhhmh - anHjmHHaMHica (Ba- 
pOHH H Jip., 1977). IIpHMeHeHHe 3TOH MeTOflHKH n03B0JIHJI0 pa3pa60TaTb pHfl MOJieJieH, 
uaioiunx aocTOBepHbie h KaqecTBeHHbie nporH03bi (BoeB, IlpoKonbeBa, 1992; BoeB 
Hflp., 1993). 

B HacTonmeM cooGiuchhh npHBouHTCH onncaHHe pa3pa6oiaHHOH HaMH pacnpeue- 
jieHHOH MaieMaTHqecKOH MouejiH, npejiHaaHaqeHHOH jjjih aHajiH3a h nporH03HpoBaHHH 
anHjieMHqecKoro npouecca TpommecKoii MaJIHpHH. Mouejib no3BOJiHeT nporH03Hpo- 
BaTb napaMeipbi annueMH^ecKOH BcnbimicH MaJIHpHH, paccqHTaTb qncjio cjiyqaeB 
3a60JieBaHHH H CMepTH OT MaJIHpHH C yneTOM pa3BHTHH HMMyHHTeTa B 3aBHCHMOCTH 
OT HHTeHCHBHOCTH pa3JIHqHbIX MepOnpHHTHH no npO^HJiaKTHKe MaJIHpHH. 
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nonyntEHHH, iiphhothe b mohejih 


1. Moment opneHTHpoBaHa Ha ycjiobhh BbicoKoro ypoBHH 3a6ojieBaeMocTH b o^are 
c oflHHM ranoM B036yOTTejiH MajinpHH hjih b cmre, rae cocymecTBOBaHHe napa3HTap- 
Hbix CHCT6M TponHqeCKOH H TpeXJJHeBHOH MaJIHpHH npOHCXOflHT H633BHCHMO (Cep- 

raeB, 1994). 

2. Cjie^yiomHM aonymeHHeM, c^eJiaHHbiM b Moaejrn, srejisieTCH npeanojioxceHHe 
06 3<J)<I>eKTHBHOCTH Jie^eHHH BbIHBJieHHbIX GoJIbHbIX, T. e. peHHflHBOB 60Jie3HH HeT. 

3. BjiHHHHe KjiHMaTHqecKHx $aKTopoB Ha nepeaa*iy MannpHH b othhoh nporpaM- 
Me He MoaejmpyeTCfl aBTOMaTHqecKH, H3MeHeHHe $aKTopoB MannpHoreHHOCTH cjie- 
flyeT yqHTbmaTb nyieM MOEH^HKaijHH cooTBeTCTByiomHx napaMeTpoB MoaejiH npn 
HenocpeflCTBeHHOH pa6oie c nporpaMMon. 

OCOBEHHOCTH MOHEJUi 

Hcnojib30BaHHe pacnpejjejieHHbix (JjyHKijHH h chctcm - HHTerpo-,rm(})<i)epeHUHaJib- 
hhx ypaBHeHHH b qacTHbix npoH3BOflHbix - onpe^ejineT rnaBHoe oTJiHqne MoaejiH - 
yqeT reieporeHHocTH npoaojDKHTejibHocTH pa3BHTHH B036yflHTejin Ha cooTBeTCTByio- 
iuhx CTawHx xcH3HeHHoro HHKjia h reieporeHHocTH no3BOHO*iHoro xo3HHHa no CTeneHH 
^yBdBHTejibHOCTH k HH^eKHHH. B o63ope Kejuia (Koella J. C., 1991) noKa3aHO, *ito 
AonymeHHH npn MoaeJiHpoBaHHH o roMoreHHOCTH napaMeTpoB BeayT k SoJibiiiHM no- 
rpeniHOCTHM npn nporH03Hbix pac^eiax. IIosTOMy MOEennpoBaHHe reieporeHHocTH 
cpa3y Bcex napaMeTpoB Modern HBJineTcn hobhm aianoM MeToaonorHH MaieMaTH^e- 
CKoro MOfleJiHpoBaHHH 3a6ojieBaHHH. 

B Mo^ejiH oTpaxceHa 6ojiee nojman cipyKTypa no cpaBHemno c ncnojib 3 yeMOH 
b Garki-npoeKTe: y^HTbreaeTcn BapHamra npojjojDKHTejibHocTH cnoporoHHH b nepe- 
HOC^HKe. IIpH 3TOM nOHBJIHeTCH B03M0XCH0CTb MOJjeJIHpOBaHHH MepOnpHHTHH nO 
6opb6e c nepeHoc^HKOM. KoMnbioiepHaH peaJiH3anHH Moaejrn no3BOJinei nojib30- 
BaTbcn MOflejibio anHfleMHOJiory, He 3HaKOMOMy c MeTojjaMH MaieMaTH^ecKoro Moae- 
JIHpOBaHHH H nporpaMMHpOBaHHH. 

OIIHCAHHE MOflEJIH 

OeHOMeHOJiorHqecKan Mo^enb pacnpocrpaHeHHH TponnqecKOH MaJinpHH npHBeae- 
Ha Ha pHC. 1. OHa coctoht H3 Tpex qaciefi: MoaenH pa3BHTHH 3a6oneBaHHH npn nepBHq- 
HOM 3apaXCeHHH, MOfleJIH pa3BHTHH 3a60JieBaHHH npH HaJIHqHH HMMyHHTeTa H MOfleJIH 
cnoporoHHH b nepeHoc^HKe. CneayeT oTMeTHTb, mo b oTjiHqne ot MOflejmMolineauxL., 
Gramiccia G. b othhoh (JjeHOMeHOJionroecKOH MOflenH H3 coctohhhh yl - KjiHHHqecKHx 
npoHBjieHHH B03MoxceH nepexofl KaK b coctohhhc y2 - napa3HT0H0CHTejibCTB0 6e3 
6bidporo HMMyHHoro oTBeia c MeaneHHOH ajiHMHHauHeH raMeioijHTOB H3 kpobh, TaK 
H B COCTOHHHe y3 - napa3HTOHOCHTeJIbCTBO npH HaJIHqHH HMMyHHTeTa C 6bICTpOH 3JIH- 
MHHanneH napa3HTOB H3 kpobh. Ha Ham B3rJinfl, TaKan (JjeHOMeHOJiormecKafl cipyKTypa 
npeflCTaBJineTcn 6ojiee 3nH,aeMHOJiorHqecKH oGocHOBaHHOH, qeM nepexoa b HMMyHHoe 
cocTOHHHe y3 H3 y2 - napa3HT0H0CHTenbCTBa nocne ocipbix KjiHHHqecKHx nponBJie- 
hhh, nocKOJibKy HaJiHqne npHoSpeieHHoro HMMyHHTeTa CKa3biBaeTcn yxce Ha KjiHHH^e- 
ckoh KapTHHe npoTeKaHHH 6one3HH. 

MoaeJib co^epxcHT tph ypoBHH opraHH3anHOHHOH nepapxHH: nepBbin ypoBeHb - 
Mo^eJib nponeccoB pa3BHTHH MannpHH b opraHH3Me OT^ejibHoro HHflHBHflyyMa: bto- 
Pok - Moaenb nponeccoB pa3BHTHH MaJinpHH b Koropie moflen h orpaHHqeHHOM mho- 
xcecTBe nepeHoc^HKOB. nocjieflHHH (ipeTHH) ypoBeHb - Moaejib nponeccoB pacnpocipa- 
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OTCyTCTBME MMMyHHTETA 


VEJJOBEK 


flEPEHOCHHK 


i-*- xl -- u 1 -— yl -— zl 

i I (— 


-» 

-*~xl - —xiZ -v- yZ 

[ _ | 

HA JIM HAL HMMVHMTETA 


ll > = 

x 3 -► u3 - yZ - zZ 

CflOPOrOHHQ 


Phc. 1. <I>eHOMeHOJiorH^ecKaH MoneJib TponH^iecKOH MaJinpun. 

xl — BOcnpnnM-qnBbie HeHMMyHHtie JiHua; x2 — BocnpHHKrquBHe hmmjthh we mmsi;x3 — He 3 apaaceH- 
Hbie caMKH nepeHoc^iHKa, nuTaiouuiecH Ha jhoahx c raMeTouHTeMneH; ul, u2 — 3 apaaceHHwe JiHua 
b HHKySauHOHHOM nepHone; u3 — 3 apa»eHHWH nepeHoc^HK co cnoporoHnefi; yl — KJiHHH^iecKHe 
6 ojn>Hbie: z2 — napa 3 HT 0 H 0 CHT 6 JiH c MeflJieHHOH aJiHMHHauneH raMeTOUHTOB H 3 kpobh; y2 — HMMyH- 
Hbie napa 3 HT 0 H 0 CHTGJiH c SbiCTpoH 3 JiHMHHanneH napa 3 HTOB; y3 — nepeHOcraic co cnopo 30 HTaMH 
b cJiioHHbix *ejie 3 ax; zf — yMepmne doJibHbie; z3 — norHduiHe nepeHOc^HKH. 

Fig. 1. Phenomenological model of Plasmodium falciparum malaria. 


H 6 HH 5 I MaJIHpHH B IIOnyJIHItflHX n 03 B 0 H 0 ^IH 0 r 0 H 6 eCn 03 B 0 H 0 TO 0 r 0 X 035 ieB Ha 3 Hfle- 
MH^HOH TeppHTOpHH B BHfle paCIipefleJieHHblX MOfleJieH. 

MaTeMaTHqecKan Modern* OTHaMHKH pacnpocTpaHeHHH Manapim nocTpoeHa Ha 
OCHOBe KHHeTHqeCKHX ypaBHCHHH (npHTOHHO-CJieflCTBeHHblX CBH 36 H) flJI 91 „IIOTOKOB” 
3 apa»ceHHbix nonyjiaiiHH no 3 BOHo™oro h 6 ecno 3 BOHo^Horo xo 3 aeB, b 3 aBHCHM 0 CTH 
ot npeflbiCTopHH anHfleMHqecKoro npouecca bosmohchm pa 3 JiHqHbie 3 im^cHTyaijHH. 

YpaBHeHHH MOfleJIH H IIOHCHeHHH K HHM npHBefleHbl HHXCe. 


MATEMATHHECKAH MOHEJTB PA3BHTHH TPOnHHECKOH MAJIHPHH 
B nonyJIHIIHHX X03HHHA h iiepehochhka 

TZi 

1. dx 1 (t)/dt = -u 1 (0,t) + p 1 -x 1 (t)+ l e 1 (|)-z 1 (4,t)*d|; 

2. dUid.tyat +3u 1 (|,t)/9t = -v 1 (|)*u 1 (|,t); 

3. 3y»ft, t)/9| + 9 yi (|, t)/9t = TidJ-Uift, t) -SidJ-Yid. t); 

T Yi 

4. dz f (t)/dt = e l - l (D’Yi(I, t)*d|; 

0 

5. 9z 1 (^,t)/a^ + az 1 (^t)/at= e 2 -6 1 (6 > t)-y 1 (6,t)-e 1 (S)-z 1 (6 # t); 

6. rpaHH^Hbie ycJiOBHn: 

TYa 

u 1 (0,t) = A. 1 -x 1 (t)*[J y 3 d, t)*d?J/N; y 1 (0,t) = z 1 (0,t) = 0; 

7. Ha^aJibHbie ycjiOBHH! 

x 1 (0) = x°; Ul d,0) = u$(|); y 1 d,0) = y“(|); z 1 d,0) = z?d); Zf (0) = 0; 


2 IlapaaHTOJiorHH, N° 3, 1995 r. 



flHHaMHica BTopH^Horo 3apaxceHHH moaen 
xz 2 xy i 

8. dx 2 (t)/dt = -u 2 (0,t)+ 5 e 2 (x)-z 2 (x,t)-dx + $ (1 — f 1 )*e 1 (^)*y 1 (l, t)*d^; 

0 0 

9. du 2 (x, t)/dx + du 2 (x, t)/3t = -v 2 (x)-u 2 (x, t); 

10. 3y 2 (x, t)/3x + dy 2 (x, t)/3t = y 2 (x)-u 2 (x, t) - 6 2 (x)-y 2 ( T > t); 

11. dz 2 (x, t)/3x + 9z 2 (x, t)/3t = 6 2 (x)'y 2 (x, t) - e 2 (x)-z 2 (x, t); 

12. rpaHH^Hbie ycjiOBHH: 

xy 3 

u 2 (0, t) = X 2 -x 2 (t)-[ $ y 3 (5, t)-d£]/N; y 2 (0, t) = z 2 (0, t) = 0; 

0 

13. Ha^anbHbie ycjiobhh: 

x 2 (0) = x°; u 2 (x, 0) = u 2 (x); y 2 (x, 0) = y°(x); z 2 (x, 0) = z°(x); f x = e t + e 2 ; 
JlHHaMHKa qHcneHHocTH nepeHocmnca 

14. dx 3 (t)/dt = -u 3 (0, t) + P 3 -x 3 (t) - a 3 -x 3 (t); 

15. 9u 3 (S, t)/9£ + 9 u 3 (£, t)/9t = -[y 3 (fc) + a 3 ] • u 3 ft, t); 

16. 9y 3 a, t)/9£ +9y 3 ft, t)/9t = T 3 (S)-u 3 ft, t) - [fi 3 (U + a 3 ] • y 3 ft, t); 

xu 3 iy 3 

17. dz 3 (t)/dt = a 3 -x 3 (t) + a 3 - $ u 3 (£,t)-d& + $ [6 3 (^) + a 3 ] • y 3 (?, t) • d?; 

18. rpaHH^Hbie ycnoBHH: y 3 (0, t) = 0; 

2 Tyi 2 xzk 

u 3 (0, t)= k 3 • x 3 (t) • [ £ I yi (£,t)-d£+2: Sz k (S,t)d£]/N; 

10 10 

19. Ha^iajibHbie ycnoBHH: 

u 3 (£,0) = u°(£); y 3 (£,0) = y°(£); x 3 (0) = x°; z 3 (0) = z°. 

IIOHCHEHHH OCHOBHbIX I1EPEMEHHHX, IIAPAMETPOB 
M OYHKUHH MOflEJIH 

£ - MOMeHT 3apaxceHHH P. falciparum nepeHoemnea npn HHOKy jihijhh 3apa3Horo 
HHflHBH^yyMa; £ - momcht nepBiniHoro 3apa)KeHHH moflen npn HHOKy jihijhh 3apaaceH- 
hhm nepeHoc^HKOM; x - momcht BTopmiHoro 3 apaxceHHH BocnpunMiiHBbix npn noBTop- 
HOH HHOKyjIHIJHH HHflHBHflyyMOB; t - KaJieHflapHOe BpeMH pa3BHTHH SIIHfleMHiieCKOH 
BCnbiniKH MaJIHpHH. 

P sijx (JjyHKimH onpe^ejineT ^HHaMHKy pa3BHTHH MajiHpHH: yji) 3aaaeT pucK 
R^i = [7i(x)*dT:] pa3BHTHH HH(J)eKijHOHHOH CTa^HH TpommecKon MajiHpHH 3a Manoe 
BpeMH di = 1 fleHb (mar pacmeTOB) H3 HHKyGaunoHHOH CTaflun npn nepBHHHOM 3apa- 
xceHHH; CJt) xapaKTepH3yioT phck R6 X = [6 X (i)*di] Bbi3,aopoBJieHHH uHfyeviwoH- 
Horo SoJibHoro MajinpHeii 3a di H3 CTajjHH ocTpon MajinpHH; e^i) xapaKTepH3yioT pncK 
RCj = [e^O’di] ocBo6oxcfleHHH opraHH3Ma ot B036y,miTejiH. 

OyHKUHH 7 2 (t) onpeaejineT pncK Ry. = [7 2 (T)'dx] pa3BHTHH hh$6Kuhohhoh CTa- 
OTH MajiHpHH 3a Manoe BpeMH di = 1 fleHb (mara pac^ieTOB no Modern) H3 HHKyGauH- 
OHHOH CTaflHH npH BTOpH^HOM 3apaXCeHHH MaJIHpHH; $yHKIJHH 6 2 (t) XapaKTepH3yeT 
Phck R6 2 = [6 2 (x)*di] nepexo.ua HH^eiajHOHHoro SoJibHoro MajinpHeii 3a BpeMH di 
H3 CTa^HH ocTpon MajiHpHH b ciaunio HocHTejibCTBa; $yHKUHH e 2 (t) xapaKTepH3yeT 
pncK Re 2 = [e 2 (i)*di] ocBoSoxcueHHH opraHH3Ma ot B036yuHTejiH. 
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OyHKUHH 7 3 (l) OnpefleJIHd pHCK RV 3 = [7 3 (T)*dT] pa3BHTHH HHtfceKIJHOHHOH CTa,D[HH 
cnoporoHHH b nepeHocqHKe Manoe BpeMH dx=l neuh H3 HeHH(j)eKijH ohhoh crajuiH cno¬ 
poroHHH 5 (J)yHKi^HH 6 3 (i) xapaKTepH3yeT phck R 6 3 = [ 6 2 (x)dt] rnSejiH 3apaxceHHoro 
nepeHoc^HKa. 

ynpaBJiHCMbiMH napaMeipaMH MoueJiH ana onncaHHH nepeHoomica hbjihiotch: 
qHcneHHocTb nepeHocqHKa Ha euHHHuy TeppHTopHH, exceaHeBHaH npouyKTHBHOCTb 
nepeHoc^HKa Oihcjio oTKjiaabreaeMbix hhu), napaMeip KOHKypeHijHH b nonyjinijHH 
nepeHoc^HKa (aiccnepHMeHTaJibHbiH napaMeip), cpeuHHH ckjiohhoctb KOMapa k Hana- 
aeHHio Ha qenoBeica, BepoHTHocTb ycneuiHoro hh (JjHijHpoBaHHH B036yuHTeneM nepe- 
HocqHKa, 3apa3H0CTb HH<i)HUHpoBaHHoro nepeHoc^HKa nocne oKOHqaHHH cnoporoHHH, 
Haqano h KOHeu noubeMa aKTHBHocTH nepeHocqHKa, 3<I)<i)eKTHBH0CTb MeponpHHTHH 
no yHHmoxceHHK) nepeHocqHKa h no coKpameHHio ero apeana. 

ynpaBxmeMbiMH napaMeipaMH MoueJiH ujih onncaHHH no3BOHoqHoro xo3HHHa 
hbjihiotch: qHcneHHOdb HaceneHHH Ha aaHHOH TeppHTopHH, npoueHT npHpocia Hace- 
JieHHH B JieHh H B TOR, flOJIH BOCnpHHMqHBbIX, qHCJIO 3apa3HbIX jihu, npoueHT JIHIJ 
c phckom nepBH^Horo h noBTopHoro 3apaxceHHH, npoueHT CMepTHocTH h Bbi3aopoBJie- 
hhh HeHMMyHHbix jihij, BepoHTHocTb ycneuiHoro HH(J)HUHpoBaHHH B 036 yaHTeneM qeno- 
BeKa, CpeflHHH BepOHTHOCTb KOHTaKTOB B036y£HTeJIH C qenOBeKOM, 3 apa 3 HOCTb KJIH- 
HHqecKoro 6 ojibHoro, 3apa3HOdb HocHTejiH-peKOHBaJiecueHTa, 3apa3H0CTb HMMyHHoro 
napa3HTOHOCHTeJIH, 3(J)(})eKTHBHOCTb Jie^eHHH SOJIbHbIX. 

flaHHbie napaMdpbi no3BOJiHiOT HacTpOHTb Mouenb Ha aHaJiH3 h nporH03 npouecca 
pacnpodpaHeHHH TponnqecKOH MaJinpHH Ha KOHKpdHOH TeppHTopHH. 

KoMnbiOTepHaH peaJiH3auHH Mouenn npeucTaBJind co 6 oh coBpeMeHHyio HH<j)op- 
MauHOHHyio TexHOJiorHio. B Hen peaJiH30BaHbi uBe ocHOBHbie (J)yHKUHH: HH<J)opMauH- 
OHHo-cnpaBOTOan, BKnioqaiomaH 6a3bi uaHHbix, CTaTHCTHqeacyio o6pa6oTKy uaHHbix, 
rpa(J)HKy, cepBHC h HHcJjopMauHOHHO-aHajiHTHqecKan (JjyHKijHH, BKjnoqaiomaH aHanH3 
HccneayeMbix npoueccoB, ouemcy oSbeKTHBHbix 3aKOHOMepHocreH hx pa3BHTHH, mho- 
xcecTBeHHbie cueHapHbie nporH03bi. C noMombio nepBOH (JjyHKUHH nporpaMMa no3BO- 
Jind nonyqHTb HarnnaHyio HH^opMaunio o cymecTByiomHx MaTeMaTHqecKHx Moue- 
jihx, o npeunocbinKax MoueJinpoBaHnn annueMHqecKoro npouecca TponnqecKOH Mann- 
pHH cpeuH BocnpHHMqHBoro HaceneHHH, o <J)eHOMeHOJiorHqecKOH Mouenn pacnpocrpa- 
HeHHH MannpHH: cnoporoHHH, pa3BHTHH hhcJjckuhh h cynepHHtjjeiajHH b orpaHHqeHHOM 
KOHTHHreHTe HaceneHHH, o CTpyKType MaieMaTHqecKOH Mouenn h bo3moxchocth npor- 
H03H0-aHanHTHqecKHx HccneuoBaHHH Ha Hen. 

BTopan (JjyHKUHH nporpaMMbi peaJiH3yd uBa 3Tana pacqerabix HccnejaoBaHHH: 

- KOHTpOJIbHblH paC^d (jjyHKIJHH paCnpeUdieHHH MOUenH, KOTOpbie COOTBdCT- 
ByiOT KJIHHHqeCKHM flaHHblM pa3BHTHH TponHqeCKOH MaJIHpHHJ 

- nporH03Ho-aHanHTHqecKHe HCCJieuoBaHHH no 3auaHHOMy cueHapnio c (J)opMHpo- 
BaHHeM pe3ynbTaTOB b BH,ae rpa^HKOB ujih uHHaMHqecKHx napaMdpoB annueMHqe- 
CKoro npouecca, cncieMa MeHio KOMnbiOTepHOH nporpaMMbi no3BonneT (J)opMHpoBaTb 
pa3JiHqHbie cueHapHH pa3BHTHH annueMH^ecKoro npouecca, KOTOpbie uaiOT bo 3 moxc- 
HocTb nonyqHTb qncjieHHbie oueHKH CMepTHocTH h 3a6oJieBaeMOCTH TponnqecKOH Mann- 
pHH, uHHaMHKH B03MoxcHoro pa3BHTHH npouecca TponnqecKOH MannpHH unn KOHKpeT- 
HOH TeppHTopHH. 

Mouenb ocymecTBnHd pacqdbi b jibs h 6ojiee 3TanoB. Ha nepBOM 3Tane Bbiqncne- 
HHH npOBOUHTCH paC^d $yHKUHH paCnpejieJieHHH JIHIJ no OCHOBHbIM CTaUHHM HH(J)eK- 
UHOHHoro npouecca TponnqecKOH MannpHH, npn stom oueHHBaiOTCH cpe^HHe 3HaqeHHH 
qncneHHocTH nioueH h nepeHocqHKOB no ciauHHM <J>eHOMeHonorHqecKOH Mouenn, 
uadcn nporH03 pa3BHTHH HHtfceKijHOHHoro npouecca Ha 3auaHHOM HHTepBane - ujih 
M aKCHManbHoro BpeMeHH pa3BHTHH TponnqecKOH MaJinpHH. 

Ha btopom 3Tane npoBoumcn pacqdbi no HHHUHaJiH3auHH napaMdpoB MouenH no 
npeuBapHTenbHbiM uaHHbiM. flanee Ha ocHOBe sthx MaieMaTHqecKHx Mouenen ctpohtch 
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Phc. 2. Pe3yjibTaTbi TecTHpOBaHHH MonejiH Ha naHHbix Garki-npoeKTa o flHHaMHKe cepononoacHTejib- 

Hbix jihu b nepeBHe Aiopa (Ajura). 

1 — BbWHCJieHHbie naHHbie; 2 — Ha6jnonaeMbie naHHbie; 3 — norpeniHOCTH; no och aScuncc — Mecnubi; 
no och opnHHaT — npoyeHT ceponoJioacHTejibHbix. 

Fig. 2. Test results of the model by data of Garki-project on the dynamics of the number of seropositive 

persons in the village Ajura. 

BbmHCJiHTejibHbie ajiropHTMbi pemeHHa ypaBHCHHH pacnpocrpaHeHHa TponHaecKoii 
MaaapHH Ha nepcoHaabHoii 3BM (cootb eTCTBy iomaa pa 3 H 0 CTHaa cxeMa bm^hc- 
JieHHH). 

Ha TpeTbeM h nocaeflyiomHx aianax npoBoaaica pacaerao-TeopeTHaecKHe Hccae- 
AOBaHHH npoiteccoB 3apaxceHHa jiioaeii TponHaecKoii MaaapHeii npn pa 3 JiHqHbix crpa- 
TerHHx npo(J)HJiaKTHKH h Mep 6opb6w c nepeHocamcoM. 

IlporpaMMa peajiH30BaHa Ha a3bnce nporpaMMHpoBaHHa BbicoKoro ypoBHa - 
„Cu++”, KOTopbiii uiHpoKo pacnpocTpaHeH b HacToamee BpeMa. 

Haa oiteHKH KaaecTBa HMmaitHH npoueccoB pacnpocrpaHeHHa TponnaecKOH Maaa- 
pHH flaHHOH MaTeMaTH^ecKOH MOfleJibio SbiJiH Hcnojib30BaHbi MaiepnaJibi no H3yaeHHio 
3nH,ijeMHOJiorHH MaaapHH b 30He caBaHHbi 3anaaHOH A$phkh (Molineaux, Gramiccia, 
1980). B Maiepnajiax Garki -npoeKTa TecmpoBaHne aBTopcKOH MaieMaTHaecKOH mo- 

fleJIH npOBOflHJIOCb no aHHaMHKe Cepon03HTHBHbIX HHIJ B HeCKOJlbKHX KOHTpOJIbHbIX 
flepeBHax b TeaeHHe 1971-1973 rr. Hannane sthx aaHHbix - BpeMeHHoro paaa Ha- 
SaiofleHHH p(t) % - no3BOJiHao BepH(J)HitHpoBaTb Ha hhx HOByio MaTeMaTHqecKyio 
MOfleab TponnaecKOH MaaapHH h oueHHTb ee nporH03Ho-aHaaHTHaecKHe xapaKTepn- 
cthkh. Ha phc. 2 npHBe,neHbi pacaerabie 3HaaeHHa h BeaHaHHbi norpeuiHocreH Moaean 
h peaabHbix HaSaioaeHHH no npouemy ceponoaoxcHTeabHbix nun b aepeBHe Aiopa 
(Ajura) b naTH „HcxoaHbix ToaKax” (MapT, Mail, Hioab, oKTaSpb, aeKaSpb 1971- 
1973 rr.). IIpoaeMOHCTpHpoBaHa BbicoKaa 3<j)<j)eKTHBHOCTb nporH03Hbix pacaeTOB mo- 
aean TponnaecKoii MaaapHH Ha jjaHHOH TeppHTopHH, npn stom ypoBeHb norpeniHOCTH 
b Kaxc^oH „ToaKe” Ha6mofleHHH He npeBocxoaHT 5-10 %. CxoaHbie pe 3 yabTaTbi tccth- 
poBaHHa Moaean 6bian noayaeHbi ^aa Tpex apyrnx aepeBeHb, HccaeaoBaHHbix b Garki- 
npoeKTe. 
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HajibHeihuee pa3BHTne MOflejm 6y.neT CBH3aHO c yqeTOM bjihhhhh npo^HJiaKTHqe- 
ckhx MeponpHHTHH Ha pa3BHTne anHfleMHqecKoro npcmecca, c nncjxjjepeHijHaijHeH coot- 
HomeHHH MonejiH no 5- 6 B03pacTHbiM rpynnaM, c yqeTOM BapnaHTOB noiepn npHo6pe- 
TeHHoro HMMyHHTeia. 

BHBOZPbl 

1. Pa3pa6oTaHa HOBan pacnpenejieHHan MaTeMaTHyeocan Monejib TpoinmecKOH Ma- 

jihphh. 

2. Monejib h peajiH3yiomaH ee KOMnbiOTepHaH nporpaMMa npenHa3Ha*ieHa juih one- 
paTHBHoro nporH03HpoBaHHH qHcna cnyqaeB 3 apa^ceHHH jiioneH TponHqecKoii Majin- 
pneH b xone anHfleMHqecKoro npouecca, b tom qHCJie npn peajnmijHH pa3JinqHbix 
CTpaTernii npuMeHeHHH cpencTB 6opb6bi c nepeHoc^HKOM. 

3. HoBan o6jiacn> npHMeHeHHH MaTeMaTHqecKOH mo nejm cBH3aHa c C03naHHeM 
KOMnbiOTepHbix o6yqaiomHx cucTeM nun aHajiH3a aniineMHOJioraMH 3aKOHOMepHOCTeii 
(JjyHKIJHOHHpOBaHHH Iiapa3HTapHOH CHCTeMbI TponHqeCKOH MaJIHpHH. 
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MATHEMATICAL MODELLING OF PLASMODIUM FALCIPARUM MALARIA 
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SUMMARY 

The new mathematical model of P. falciparum malaria has been created. One means the operational 
forecast of epidemic process when different control measures are realized. The original modelling metho¬ 
dology for epidemics is used. The proposed methodology is allowed to take into account the natural 
variety of model’s parameters. The malaria model consists of the unlinear integro-differential in partial 
derivatives combined equations including individual and population characteristics. The informatics 
technologies permits to see information about model and its groundes. The model’s verification has been 
done on data of Garki-project. 



